Ba c k g r o u n d
Although many physicians use online medical databases to obtain biomedical information for clinical practice (1-3), the enormous volume and diversity of the available literature makes this a challenging process. Lack of time and skills, as well as a clear preference for asking an expert colleague or consulting a print source, are considered as barriers to the use of online databases (4, 5) . A specific search filter might enhance the retrieval of relevant articles at the point of care by the physician.
On the other hand, researchers in the field of family medicine completing a systematic review, will need a 'sensitive' search tool in order not to miss relevant articles.
Electronic search filters, both sensitive and specific, can be used to improve the overall efficiency of a literature search. Search filters are strings of keywords and/ or text words connected with Boolean operators (e.g. AND, OR, NOT). These topic-specific keywords can be found in the title or abstract of an article, or in the subject headings assigned to it. However, the indexing of these articles with subject headings is often inconsistent. The area of family medicine is particularly broad and difficult to define, mainly due to the different terminologies used. For example, the terms 'family medicine', 'general practice' and 'primary care' (amongst others), can be used to describe basically the same field.
Therefore, there is a need for a validated 'family medicine' search filter to support both family physicians and researchers. These filters should apply to the most frequently-used databases, e.g. PubMed, Ovid Medline, Embase and Cochrane.
To our knowledge, four filters have been developed for family medicine. Although the PHC Search Filter (6) can be considered specific, it was not designed to be comprehensive regarding what it retrieves. Jelercic et al. (7), Glanville et al. (8) and Gill et al. (9) also created search filters, but they also lack good sensitivity.
The present study was conducted to develop and validate objective search filters, applicable in frequently-used databases, to identify studies that are conducted in, or apply to, or refer to family medicine and general practice settings.
M e t h o d

Definition of family medicine
To develop an efficient and objective search filter, a clear definition of relevance to family medicine/general practice (FM/GP) is needed. WONCA Europe provides a consensus statement in which they define the discipline of FM/GP (10) . Based on a short questionnaire that was sent to colleagues worldwide using the e-mail list of Relevance to general practice referred to any research article that explicitly indicated it was completed in a FM/GP setting as defined by WONCA, excluding inpatient hospital care and focusing specifically on FM/GP. Research articles that have 'FM/ GP' as their research domain were also considered relevant (e.g. research on the efficiency of GPs).
Development of reference standard
Using Scopus, a list of 160 journals (in order of relevance for family medicine) was compiled. Five journals with a high rating (top 20) and five journals with a low rating MeSH terms, were randomly selected. These articles were imported in EndNote X5
and anonymized, showing only the titles, abstracts and keywords to the reviewers.
Two independent reviewers (DP and FvdL) classified the articles as being relevant or irrelevant to family medicine using the shortened definition based on the WONCA definition. If the anonymized information was not sufficient for a classification, all bibliographic data or even the full text was provided. Articles that refer to family medicine were tagged 'positives'. From this reference standard, two random sets were derived: a term identification set containing 1/3 of the reference standard and a development set containing 2/3 of the reference standard.
Generating a list of potentially useful terms
Using specialized software (PubReMiner (11) and AntConc (12) Creating and validating a sensitive and specific filter
With a list of candidate terms and phrases retrieved during the process described above, optimal search filters were created in the development set. The sensitive filter was created by sorting the search terms by accuracy. One by one, the items were meticulously added to the filter, whilst monitoring its performance. When an added term did not contribute to the overall accuracy of the filter, the item was excluded.
The specific filter, with a target specificity of at least 95%, was created by discarding all search terms that had a specificity of ≤ 95%. Search terms that scored a specificity of 100% formed the basis of the filter. The remaining search terms were then sorted by accuracy, and were added one by one to the existing filter. When an added term did not contribute to the overall accuracy of the filter, the item was excluded.
The obtained filters were then validated in different validation sets (see below), calculating sensitivity and specificity. Finally, all the false negatives from different validation sets, missed by the sensitive filter, were manually screened by two Development and validation of search filters 5 independent reviewers (DP and AB) to identify unique extra terms that could be added to the sensitive filter in order to improve its performance. These terms were then tested on both development and validation sets and included if they improved the overall accuracy of the sensitive filter.
Development of validation sets
In addition to the reference standard, two external validation sets were created.
The first was created during the screening process of a family medicine relevant systematic review on atopic disorders in children (review standard) (13) . The search for this review was not limited to family medicine, but all the references found for this review were also scored by two independent reviewers (DP and E. van Alphen)
to classify articles as being relevant or irrelevant to family medicine. Relevance to general practice referred to any research article that explicitly indicated it was completed in a FM/GP setting as defined for the reference standard.
The second validation set was created by sending an e-mail to the list of the Cochrane Primary Healthcare Field (questionnaire standard). In this e-mail the participant was asked to send a reference of an article that they considered to be relevant for 'primary care', in particular for family medicine. These 500 references are considered to be positives. The negatives were collected from a random sample of articles from PubMed that were manually reviewed by two independent reviewers (FvdL and D. Al Rashad), creating 1,000 negatives.
Re s u l t s
Creating and validating the filters A total of 126 terms and phrases were considered as candidate filter terms. The original sensitive filter that was constructed missed a total of 35 'positives' in both the reference set and in the two validation sets. Manual evaluation of these 35 false negative references led to our decision to add three more terms to the sensitive filter to increase its performance, i.e. 'GP' 'GPs' and 'general pract*' were added; this substantially improved the filter. Table 2 shows the strings of the sensitive and specific filters that were constructed using this methodology, including the translation for use in different search engines. 
Di s c u s s i o n
Two well-validated search filters were created for family medicine, both with good sensitivity and specificity.
Our specific filter was developed to help family physicians find answers to clinical questions at the point of care when time is limited. The specific filter provides the physician with references that are relevant, but with a small risk of missing articles.
If an answer to the question is not found using the specific filter, use of the sensitive filter could be the next step.
Our sensitive filter can also be used by researchers conducting a systematic review.
The sensitive filter provides considerable efficiency. For example, we constructed a search string for a systematic review on atopic disorders in children through which 3,972 publications were found. If our sensitive filter had been applied, the number Table 2 . The f i l t e r s t ra n s l a t e d f o r d i f fe r e n t i n t e r f a c e s . Development and validation of search filters 7
Ta ble 3. Perfor ma nc e o f o u r s e ar c h f i l t e r s c o m p a r e d w i t h t h a t o f o t h e r p u b l i s h ed fi l t er s
Used standard
Sensitive filter
Specific filter
Glanville (8) Gill (9 of relevant articles could have been limited to 1,478. In this example, no relevant articles were missed. Comparing our sensitive filter to the 'common practice' of search strategies used when conducting, for example, Cochrane systematic reviews, all tested literature searches showed a lack of good sensitivity (see online supplementary materials). Thus, it can be assumed that relevant references were missed in these reviews which might have been found when applying our sensitive search filter.
Ta ble 4 Pe rforma n ce of o ur se a r c h f i l t e r s c o m p a r e d w i t h t h a t o f o t h e r s e a r c h s t ra t egi es
The present filters do not use the Boolean operators AND or NOT, but combined single search terms and phrases in an OR relationship. However, in our methodology, 'phrases' were already separately identified as combination of words in an AND matter that could potentially discriminate between FM/GP-relevant or not. For example 'primary health care' was identified in this way. These three words are combined in an AND matter, but the quotes also demand it to be in this specific order. Using an objective method, the developed filters did not always end up with phrases that one would expect, like 'family physician'. However, our objective method suggested the single words 'family' and 'physician' to be more distinctive.
Finally, using NOT would imply a substantial risk of excluding relevant articles and was therefore rejected.
There are two important arguments for manually improving the sensitive filter. In order for this methodology to create a completely objective filter without manual improvement, it was estimated that about 30,000 articles had to be scored. Manually evaluating the false negatives overcomes the use of a relatively small 'reference standard'. Furthermore, in order for AntConc to find phrases, the 126 candidate filter terms were used. Words like 'general' and 'practice' did not meet the requirements for inclusion in the list of candidate filter terms, because the words themselves are not specific enough.
Translating the search strategies developed for PubMed to the syntax of the other databases (Ovid, Embase and Cochrane), carries a small risk of losing some sensitivity and specificity. Ideally, one would use the candidate filter terms and start constructing the search filter using the different interfaces. Unfortunately, the other databases did not have an 'application programming interface' (a set of routines, protocols, and tools for building software applications) that allowed communication with the software programs that were used for the development of these search filters. Instead the filters were directly translated into the syntax of the other databases, without optimization for that specific database.
We noticed that, in many cases, the title and abstract did not disclose sufficient information to determine whether (or not) an article was relevant for family medicine. In many cases the setting and/or relevance to family medicine could only be determined by scrutinizing the full text; this omission will influence both the Development and validation of search filters 9 sensitivity and specificity of search filters. We emphasize that mentioning the setting in the title or abstract will help to find all relevant literature available for family medicine.
Conclusions
Two useful filters were created for a search on articles related to family medicine.
The sensitive filter has a sensitivity of 96.8% with an adequate specificity of 74.9%.
The specific filter has a specificity of 97.4% with an adequate sensitivity of 90.3%.
A c k n o w l e d g m e n t s
